1. Introduction
===============

In 1874, Kahlbaum proposed that catatonia is a syndrome of motor dysfunction that includes mutism, immobility, staring gaze, negativism, stereotyped behavior, waxy flexibility, and verbigeration.^\[[@R1]\]^ Catatonia is found in 10% of psychiatric inpatients and is more common in patients with mood disorders, especially mania, than in those patients with schizophrenia.^\[[@R2]\]^ In addition, catatonia can also occur in a wide range of illnesses, including drug intoxications, neurological disorders, and other general medical conditions. Therefore, catatonia is not an exclusive syndrome related to a specific psychiatric disorder. In particular, malignant catatonia (also known as lethal or pernicious catatonia) is a rare but life-threatening disorder that was first reported by Stauder in 1934, long before the era of antipsychotic drugs.^\[[@R3]\]^ Malignant catatonia is characterized by excitement, altered mental status (altered level of consciousness), hyperthermia and autonomic instability as well as catatonic symptoms.^\[[@R4],[@R5]\]^ In contrast, neuroleptic malignant syndrome (NMS) associated with the use of antipsychotic medications is considered to be a variant of malignant catatonia.^\[[@R4]--[@R7]\]^ The diversity of symptoms often leads to a delay in diagnosis. The mortality rate associated with malignant catatonia has declined but remains high (10%--20%). Although the pathophysiology of malignant catatonia has not still been clarified, the most likely hypothesis is dopamine hypoactivity in the brain, specifically in the basal ganglia and the hypothalamus.^\[[@R5]\]^

Persistent catatonic symptoms produce risks of physical complications including fatal pulmonary embolism, which is associated with high morbidity and mortality.^\[[@R8],[@R9]\]^ Thus, to prevent the complications associated with catatonia, early recognition and rapid treatment are clinically important. Electroconvulsive therapy (ECT) is crucial to improve morbidity and mortality. ECT is the first-choice treatment for malignant catatonia, on the basis of previous case reports.^\[[@R5],[@R10]\]^ Patient response rates to ECT are higher and more rapid than those with benzodiazepines (BZDs) alone. However, BZDs can also relieve catatonia and cause less severe complications,^\[[@R11]\]^ whereas ECT causes severe complications, including status epilepticus, prolonged seizure, postictal agitation, cardiovascular disorders, and pulmonary embolism.^\[[@R12]\]^ Among different BZDs, lorazepam and diazepam have roles as first-line medications for treatment of acute catatonia and the maintenance treatment to prevent relapse.^\[[@R13]--[@R18]\]^ However, an effective treatment for NMS is dantrolene, which inhibits contraction and heat production in skeletal muscle.^\[[@R19]\]^

In this paper, we report a clinical course of a patient with malignant catatonia who was initially diagnosed with NMS and who responded successfully to BZD administration. The patient was a 53-year-old male with a 29-year history of schizophrenia who required a rapid cure to prevent the risks of physical complications with high morbidity and mortality. We suggest that malignant catatonia may have a different etiology from that of schizophrenia and that the necessary treatments may differ between the disorders.

2. Case presentation
====================

The patient was a 53-year-old male who was diagnosed 29 years earlier with schizophrenia according to the criteria of the *Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition* (DSM-5). His psychotic symptoms had been relatively stable for several years with a regimen of risperidone (7 mg/day), chlorpromazine (75 mg/day), biperidene (3 mg/day), diazepam (6 mg/day), and brotizolam (0.25 mg/day). However, the patient suddenly discontinued his entire medication regimen after his family member\'s death. After 3 days without medication, the patient was admitted to a private psychiatric hospital where he presented with agitation, monologue, and insomnia (Hospital day 1). At the time of admission, the patient also presented with hyperthermia, tremor, muscle rigidity, and clouded consciousness. Autonomic symptoms such as tachycardia, hypertension, and profuse perspiration were present. The patient\'s serum CPK level was elevated to 8559 IU/L (normal value = 68--287 IU/L), and his urine myoglobin was positive. His electroencephalography (EEG) results were unremarkable. NMS was suspected and a 20 mg/day dose of dantrolene was initiated. In addition, a 2 to 3 mg/hour intravenous (IV) infusion of midazolam was administered to treat his excitement.

By hospital day 7, the hyperthermia and autonomic dysfunctions such as tachycardia, hypertension, and profuse perspiration had not improved, although his serum CPK level had decreased to 219 IU/L. As a result, the dantrolene was discontinued. Antibiotics were started because of the need for frequent suctioning and the suspicion of aspiration pneumonia. There was no significant clinical improvement. To decrease the dose of midazolam for sedation, the patient received a single intramuscular injection (IMI) of 10 mg of diazepam on hospital day 9. The diazepam seemed to be possibly effective for the hyperthermia, despite the continued presence of other symptoms, including autonomic dysfunction and agitation. Therefore, the inflammatory focus and autonomic symptoms were suspected to be due to other infectious diseases or to a pulmonary embolism.

To closely examine and treat the patient\'s physical status, the patient was transferred to our psychiatric ward at Kanazawa Medical University Hospital on hospital day 11. In our hospital, catatonic symptoms such as agitation, negativism, mannerism, stereotypy, echolalia and echopraxia, auditory hallucination, persecutory delusion, and somnolence were prominent in the patient. Autonomic symptoms such as hyperthermia (37.4°C), tachycardia (102 bpm) and hypertension (144/76 mm Hg) were also present. Laboratory findings showed that the patient\'s serum CKP level was within normal range (152 IU/L), and his urine myoglobin was negative, even though mild inflammatory founding was evident \[white blood cell (WBC): 8.1 × 10^4^/μL, normal range 2.97--9.13 × 10^4^/μL; C-reactive protein (CRP): 4.8 mg/dL, normal range \<0.3\]. A twice-daily IVD of 5 mg of haloperidol in a 500 mL fluid replacement administered over 6 hours was administered to treat the agitation, auditory hallucinations, and persecutory delusions. Assessments for pulmonary thromboembolism and deep vein thrombosis were negative. We performed an extensive infectious disease workup. Chest and abdominal computed tomography (CT) indicated a mild pulmonary infiltrative shadow and perinephric stranding; therefore, antibiotic treatment was resumed because of suspicions of aspiration pneumonia and acute pyelonephritis. However, the patient\'s hyperthermia (up to 40.0°C) and autonomic symptoms such as tachycardia (up to 148 bpm), hypertension (up to 178/98 mm Hg) and profuse perspiration did not improve, as shown in Fig. [1](#F1){ref-type="fig"}. His catatonic symptoms such as stupor or excitement, echolalia, catalepsy, mutism, and negativism were advanced and prominent (Fig. [2](#F2){ref-type="fig"}), although his serum CPK level remained within normal limits, and the inflammatory findings were mild. In addition, muscle rigidity, salivation, and dysphagia were also prominent. Brain CT was normal; abnormalities, such as infarcts, hemorrhages, or brain tumors, were excluded. Several days later, we were informed that the results of bacterial examinations of sputum and urine were negative. Eventually, the patient was diagnosed with malignant catatonia associated with schizophrenia.
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On hospital day 17, we terminated neuroleptic medications, and a twice-daily IVD of 10 mg of diazepam in 100 mL of normal saline administered over 1 hour was administered for the next 5 days. In addition, an IVD of 2 mg of flunitrazepam administered at night was administered to decrease the patient\'s insomnia. After the initiation of diazepam, the patient experienced a swift resolution of symptoms. Diazepam produced muscular relaxation and relieved the salivation and dysphagia, and hyperthermia and autonomic symptoms such as tachycardia, hypertension, and profuse perspiration also improved. On hospital day 22, the IVDs of diazepam and flunitrazepam were replaced with oral administrations of 2 mg/day of lorazepam and 1 mg/day of flunitrazepam. On hospital day 29, aripiprazole (6 mg/day) was initiated to treat the patient\'s auditory hallucinations and delusions. The patient remained normopyretic, and his psychotic symptoms were stable.

For publication of this case report and accompanying images, written informed consent was obtained from the patient and his sister.

3. Discussion
=============

This report describes a detailed clinical course of malignant catatonia associated with schizophrenia in a patient who was initially suspected to have NMS. His symptoms were not responsive to dantrolene sodium or antibiotics, and the patient continued to present with hyperthermia (up to 40.0°C) and autonomic symptoms such as hyperthermia, tachycardia, hypertension, profuse perspiration, and catatonic symptoms. However, these symptoms successfully and rapidly responded to administration of diazepam and lorazepam. This case was difficult to diagnose malignant catatonia from his clinical course. Once thought to be a subtype of schizophrenia according to the DSM-IV criteria, catatonia is now recognized to occur with a broad spectrum of medical and psychiatric illnesses according to the DSM-5 criteria. We suggest that the catatonia should be treated before any underlying conditions can be accurately diagnosed because the underlying conditions are complex and heterogeneous and the catatonia is associated with significant morbidity and mortality if left untreated.

Dantrolene sodium is a direct skeletal muscle relaxant that disrupts excitation--contraction coupling by blocking calcium efflux from the sarcoplasmic reticulum.^\[[@R20]\]^ In our case, dantrolene sodium was not effective to improve the patient\'s symptoms. Dantrolene has been routinely used for NMS treatment,^\[[@R19]\]^ while dantrolene is not universally accepted as a treatment for NMS.^\[[@R20],[@R21]\]^ If the patient is demonstrating mild to moderate symptoms of rigidity and fever, dantrolene may be effective earlier in NMS presentation.^\[[@R20]\]^ In contrast, for severe cases, dantrolene used as monotherapy is not recommended for treating NMS and may actually be associated with an increase in mortality and hepatitis.^\[[@R21],[@R22]\]^

NMS is the more common condition and widely known in clinical practice. Although there is uncertainty in the boundaries between malignant catatonia and NMS,^\[[@R20],[@R23]\]^ NMS is considered as antipsychotic medication induced form of malignant catatonia.^\[[@R4]--[@R7]\]^ If history excludes exposure to an antipsychotic, the diagnosis of malignant catatonia would be apparent.^\[[@R24]\]^ However, the definition may be blurred, as the majority of patients with malignant catatonia have a psychiatric history and have been treated with antipsychotics. Malignant catatonia and NMS have been suggested to have a common pathophysiology.^\[[@R24]--[@R26]\]^ A sudden and massive blockade of neurotransmitters, including dopamine, has been hypothesized as the mechanism of action of both conditions,^\[[@R24]--[@R26]\]^ although the definitive cause has not been clarified. An extreme elevation in temperature reflects a breakdown in central thermoregulation. Generalized rigidity, which has been described as a "lead pipe" in its most severe form and is usually unresponsive to antiparkinsonian agents such as biperiden, is a main feature of both disorders. The symptoms including catatonia associated with fever and autonomic instability are similar, and malignant catatonia may be indistinguishable from NMS.^\[[@R20]\]^ In this case, the patient had discontinued all his psychiatric medications for the 3 days after his family member\'s death. The abrupt withdrawal of antipsychotics or BZDs and bereavement reaction may cause a sudden and massive dopamine instability in his brain, and his catatonic and autonomic symptoms developed at or after hospital admission. According to the DSM-5 criteria regarding NMS, patients have generally been exposed to a dopamine antagonist within 72 hours before symptom development. Using this criterion, the possibility that the patient had NMS can be excluded entirely. On the basis of Fink criteria of symptoms---stupor or excitement, echolalia, catalepsy, mutism and negativism, hyperpyrexia, and autonomic instability---^\[[@R27]\]^ we determined that the most likely diagnosis for the patient\'s condition was malignant catatonia. These findings suggest that catatonia, MNS, and MC may be due to a common brain pathophysiology, and these conditions may be in a spectrum, although there is uncertainty in the boundaries among these conditions.

In our case, BZDs were effective at relieving catatonic and autonomic symptoms. Imaging studies have indicated that inhibitory neurotransmitter gamma-aminobutyric acid (GABA) receptors are decreased in the left sensorimotor cortex in catatonic patients.^\[[@R28]--[@R30]\]^ Through the mechanisms of GABA agonism, BZDs have a reliable treatment efficacy for catatonic patients. However, because a sudden and massive dopamine blockade can cause catatonia (including NMS), dopamine receptor antagonists may have no general efficacy in the treatment of catatonia, or they may actually increase the symptoms.^\[[@R25]\]^ In our case, the patient\'s symptoms might have been increased by the haloperidol that we used to treat the agitation, auditory hallucinations, and persecutory delusions. For the 14 days, the patient was free of antipsychotic medication before starting haloperidol. There is a Food and Drug Administration (FDA) warning, since 2007, regarding the administration of IV haloperidol for patients with delirium or any other psychotic disorder.^\[[@R31]\]^ Although the IV haloperidol is still widely administered to manage acute psychosis in Japan, administrating IVD of 10 mg/day of haloperidol to a patient with several organic comorbidities may increase the risks of QT prolongation, torsades de pointes (TdP), or NMS. ECT is also effective as a first-line treatment strategy to relieve catatonia or as a second-line treatment if a BZD fails.^\[[@R32]\]^ It has been suggested that ECT is effective in relieving catatonia after a 6 to 16 mg/day dose of lorazepam for up to 5 days has failed.^\[[@R33]\]^ If the patient\'s symptoms had not improved after 5 days of BZD use, we would have attempted ECT to relieve his symptoms.

As described above, both BZDs and ECT are effective tools for treating both malignant catatonia and NMS.^\[[@R2]\]^ Further weakening the distinction of NMS from catatonia are reports that certain non-neuroleptic drugs can also induce NMS. Therefore, the differentiation between malignant catatonia and NMS may not be meaningful.^\[[@R5]\]^ A previous review of malignant catatonic cases has reported that the majority of these cases present in the classic excited form; thus, catatonia may be distinguished from NMS on the basis of the onset of hyperthermia in association with hyperactivity before the administration of neuroleptic drugs and because of the development of stupor and rigidity. However, the diagnosis of catatonia cannot be distinguished from NMS in 22% of cases.^\[[@R4]\]^ Thus, it has been suggested that NMS is a neuroleptic medication-induced form of malignant catatonia.

4. Conclusions
==============

Although catatonia has typically been diagnosed in patients with schizophrenia, catatonia can occur in the context of several disorders, including schizophrenia, bipolar depression, depressive disorders, and other medical conditions. According to DSM-5 criteria, catatonia has not been defined as a subtype of schizophrenia, and most importantly, medications for the treatment of catatonia and schizophrenia are different. Antipsychotics are not effective in the relief of catatonia and may induce NMS, whereas BZDs are effective in treating both malignant catatonia and NMS. Because of the severity of the physical complications, attention should be paid to the possibility that the catatonia may be attributable to malignant catatonia or NMS.
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